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(57) ABSTRACT

Parameters of a radio frequency filter can be changed by
changing structure of each component of the filter. Material of
each component, diameters of each of magnetic cylinders,
density of each of conductive coils, and thickness of each of
dielectric layers can be changed. When any component needs
to be replaced, the filter can be detached as needed.
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1
RADIO FREQUENCY FILTER

BACKGROUND

1. Technical Field

The present disclosure relates to radio frequency (RF) fil-
ters, and particularly to an adjustable RF filter.

2. Description of Related Art

Nowadays, in response to various frequency bands of an
electronic device, filters have been demanded to remove noise
in frequency bands. Filters are generally designed to remove
noise from specific frequency bands, therefore different fil-
ters with different parameters are designed for different appli-
cations. Filters designed in this way are not easily adjustable
for parameters in applications other than what they were
specifically designed for.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11s anisometric view of an exemplary embodiment of
a radio frequency (RF) filter.

FIG. 2 is an exploded, isometric view of the RF filter of
FIG. 1, the RF filter including a serial inductance capacitance
(LO) filtering unit and a parallel LC filtering unit.

FIG. 3 is an isometric view of the serial L.C filtering unit of
FIG. 2.

FIG. 4 is an exploded, isometric view of the serial L.C
filtering unit of FIG. 3, the serial LC filtering unit including a
circular-shaped lamination.

FIG. 5 is an enlarged, isometric view of the circular-shaped
lamination of FIG. 4.

FIG. 6 is an isometric view of the parallel LC filtering unit
of FIG. 2.

FIG. 7 is an exploded, isometric view of the parallel LC
filtering unit of FIG. 6.

FIG. 8 is an equivalent circuit diagram of the RF filter of
FIG. 1.

DETAILED DESCRIPTION

Referring to FIGS. 1 and 2, an exemplary embodiment of a
radio frequency (RF) filter 1 includes a serial inductance
capacitance (L.C) filtering unit 10, a parallel L.C filtering unit
20, and a receiving unit 30 connected to the serial LC filtering
unit 10 and the parallel LC filtering unit 20.

Referring to FIGS. 3 to 5, the serial LC filtering unit 10
includes an inductive component 12, a capacitive component
14, two connection members 16, 18, three circular-shaped
insulation pieces 11, 13, 15, and an insulation sleeve 17. The
inductive component 12 and the capacitive component 14 are
connected in series between the connection members 16, 18,
and are received in the insulation sleeve 17. The connection
members 16, 18 are located on opposite ends of the insulation
sleeve 17 correspondingly.

The inductive component 12 includes a magnetic cylinder
122 and an elastic coil 123 coiling around the magnetic cyl-
inder 122. A dielectric layer 128 covers a circumference of the
magnetic cylinder 122. The conductive coil 123 includes a
helical conductive coil 124 and a helical insulation coil 126.
The conductive coil 124 and the insulation coil 126 stagger
with each other and coil around the magnetic cylinder 122, to
prevent each coil of the conductive coil 124 from contacting
with adjacent coils. The magnetic cylinder 122 can be made
of magnetic material, such as iron, cobalt, nickel, etc.

The capacitive component 14 includes a number of detach-
able components. Each detachable component is a circular-
shaped lamination 142. A conductive layer 1422 is located at
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a circumference of each lamination 142, adjacent to a bottom
of the lamination 142. A height of the conductive layer 1422
is less than a height of the lamination 142. A cutout 1424 is
defined along a circumference of the lamination 142. An
insulation portion 1426 vertically extends from a top of the
lamination 142, along the circumference of the lamination
142, opposite to the cutout 1424. A conductive layer 1428
covers a center of a circumference of the insulation portion
1426, with two opposite ends of the insulation portion 1426
exposing out from the conductive layer 1428. The conductive
layers 1428, 1422 are integrally connected. Each lamination
142 can be stacked up with another lamination 142. When two
laminations 142 are stacked up, the insulation portion 1426 of
a first lamination 142 is received in the cutout 1424 of a
second lamination 142 and resists against a sidewall bound-
ing the cutout 1424. All the laminations 142 are stacked up to
form the capacitive component 14. The number of the lami-
nations 142 is an even number. The conductive layers 1428 of
the laminations 142 are aligned with one another, and
arranged on opposite sides of the capacitive component 14, to
function as an input terminal and an output terminal of the
capacitive component 14 correspondingly. The conductive
layers 1428 on each side of the laminations 142 are connected
in series. The capacitive component 14 has capacitor charac-
teristic.

A cutout is defined along a circumference of each of the
insulation pieces 11, 13, 15. A structure of the cutout is
similar to the cutout 1424 of each lamination 142. The insu-
lation piece 11 is located on a first end of the magnetic
cylinder 122. The insulation piece 13 is located between the
inductive component 12 and the capacitive component 14.
The resisting portion 1426 located on the capacitive compo-
nent 14 is received in the cutout of the insulation piece 13, and
resists against a sidewall bounding the cutout of the insulation
piece 13. The insulation piece 15 is located at a second end of
the capacitive component 14.

The connection member 16 is located on an upper surface
of the insulation piece 11, opposite to the inductive compo-
nent 12. The connection member 16 includes a round-shaped
contact portion 161 and an L-shaped extension portion 162
horizontally extending from a circumference of the contact
portion 161. A distal end of the extension portion 162 passes
through the cutout of the insulation piece 11 to connect to a
first terminal of the conductive coil 124. A second terminal of
the conductive coil 124 is connected to the conductive layer
1428 located on the capacitive component 14.

The connection member 18 is located below the insulation
piece 15, opposite to the capacitive component 14. The con-
nection member 18 includes a round-shaped contact portion
181 and an L-shaped extension portion 182 horizontally
extending from a circumference of the contact portion 181. A
distal end of the extension portion 182 passes through the
cutout of the insulation piece 15 to connect to the conductive
layer 1422 located on the lowest lamination 142 of the capaci-
tive component 14. The connection members 16, 18 function
as an input terminal and an output terminal of the serial L.C
filtering unit 10 respectively.

Referring to FIGS. 6 and 7, the parallel LC filtering unit 20
includes an inductive component 22, a capacitive component
24, two connection members 26 and 28, an insulation sleeve
23, and a receiving tube 27. The inductive component 22 and
the capacitive component 24 are connected in parallel
between the connection members 26 and 28, and are received
in the insulation sleeve 23. The insulation sleeve 23 is
received in the receiving tube 27.

The inductive component 22 includes a magnetic cylinder
222 and an elastic coil 223. A dielectric layer 228 covers a
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circumference of the magnetic cylinder 222. The conductive
coil 223 includes a helical conductive coil 224 and a helical
insulation coil 226 similarly structured with the conductive
coil 124 and the insulation coil 126. The inductive component
22 has the same structure as the inductive component 12, and
has an inductor characteristic.

The capacitive component 24 includes a number of detach-
able components. Each detachable component is a crescent-
shaped lamination 242. Each crescent-shaped lamination 242
includes an insulation piece 2422, and a conductive piece
2424 similarly structured with the insulation piece 2422 and
aligned with the insulation piece 2422. A through hole 2426 is
defined in the insulation piece 2422. A through hole 2429 is
defined in the conductive piece 2424. A conductive tab 2428
vertically extends from a top surface of the insulation piece
2424. When the insulation piece 2422 resists against the
conductive piece 2424, the through hole 2429 of the conduc-
tive piece 2424 is aligned with the through hole 2426 of the
insulation piece 2422. When a first lamination 242 is stacked
up with a second lamination 242, the conductive tab 2428 of
the second lamination 242 is passed through the through hole
2429 of the conductive piece 2424 of the first lamination 242
and inserted into the through hole 2426 of the first lamination
242, with a portion of the conductive tab 2428 extending out
of the insulation piece 2422 of the first lamination 242. A
circumference of the portion of the conductive tab 2428
extending out of the corresponding insulation piece 2422 is
covered with insulation material.

All the laminations 242 are stacked up to form the capaci-
tive component 24. For example, if three crescent-shaped
laminations 242 are stacked up, the conductive tab 2428 of a
first lamination 242 passes through the through holes 2429,
2426 of a second lamination 242, to connect to the insulation
piece 2424 of a third lamination 242. Because a circumfer-
ence of a portion of each conductive tab 2428 extending out of
the adjacent lamination 242 is covered with insulation mate-
rial, the conductive tab 2428 of the first lamination 242 and
the second lamination 242 are insulated. The number of the
laminations 242 is an even number. The capacitive compo-
nent 24 has a capacitor characteristic. An upper end and a
lower end of the capacitive component 24 function as aninput
terminal and an output terminal of the capacitive component
24 respectively.

The insulation sleeve 23 defines a circular-shaped first
receiving recess 232 to receive the inductive component 22,
and a crescent-shaped second receiving recess 234 separated
from the first receiving recess 232 to receive the capacitive
component 24, insulating the inductive component 22 and the
capacitive component 24 received in the insulation sleeve 23
from each other.

The connection members 26 and 28 are located at opposite
ends of the insulation sleeve 23 correspondingly. The connec-
tion member 26 includes two conductive contact portions
262, 264, connected to each other. The conductive contact
portions 262, 264 are connected to a first end of the conduc-
tive coil 224 and the conductive tab 2428 located on the
conductive piece 2424 located at the top of the capacitive
component 24, respectively. The connection member 28
includes two conductive contact portions 282 and 284, con-
nected to each other. The conductive contact portions 282,
284 are connected to a second end of the conductive coil 224
and the conductive piece 2424 located at the bottom of the
capacitive component 24, respectively. Therefore, the induc-
tive component 22 and the capacitive component 24 are con-
nected in parallel.

The receiving tube 27 includes a lower portion 274 and an
upper portion 272 covered on the lower portion 274. Each of
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the upper portion 272 and the lower portion 274 includes an
end wall at a first end. Openings 2722, 2742 are defined in the
end walls of the upper portion 272 and the lower portion 274,
respectively. A latch 2724 extends from a circumference of a
second end of the upper portion 272, opposite to the end wall
of the upper portion 272. A slot opposite to the latch 2724 is
defined in the circumference of the second end of the upper
portion 272. A latch 2744 extends from a circumference of a
second end of the lower portion 274, opposite to the end wall
of'the lower portion 274, and a slot 2746 opposite to the latch
2744 is defined in the circumference of the second end of the
lower portion 274. The latch 2724 of the upper portion 272
can be received in the slot 2746 of the lower portion 274, and
the latch 2744 of the lower portion 274 can be received in the
slot of the top portion 272, to form the receiving tube 27. In
other embodiments, the number and shapes of the slot and the
latch can be adjusted as need.

The receiving tube 27 is mounted to the connection mem-
bers 26 and 28, and receives the insulation sleeve 23, with one
portion of the connection member 26 exposed through the
opening 2722 of the upper portion 272 to connect to external
components, one portion of the connection member 28
exposed through the opening 2742 of the lower portion 274 to
connect to external components. The connection members 26
and 28 function as an input terminal and an output terminal of
the parallel LC filtering unit 20 respectively.

Referring to FIG. 2 again, the receiving unit 30 includes a
rectangular-shaped insulation main body 32 and two connec-
tion members 34, 36. Two separated through holes 322 and
324 are defined in the main body 32, through a first side and
a second side opposite to the first side of the main body 32, to
receive the serial LC filtering unit 10 and the parallel LC
filtering unit 20 respectively. The connection member 34 is a
conductor. The connection member 36 includes two conduc-
tors 361 and 363, insulatively connected to each other.

In assembly, the serial LC filtering unit 10 and the parallel
LC filtering unit 20 are received in the through holes 322, 324
respectively. The connection member 18 of the serial LC
filtering unit 10 and the connection member 26 of the parallel
LC filtering unit 20 are located at the first side of the main
body 32. The connection member 16 of the serial LC filtering
unit 10 and the connection member 28 of the parallel LC
filtering unit 20 are located at the second side of the main
body 32. The connection member 34 is attached to the first
side of the main body 32 to connect to the connection mem-
bers 18, 26, with a first end of the connection member 34
connected to the connection member 18, a second end of the
connection member 34 connected to the connection member
26. The connection member 36 is attached to the second side
of the main body 32, with the conductor 361 grounded and
connected to the connection member 16, and the conductor
363 connected to the connection member 28. The conductor
363 and the connection member 34 function as an input
terminal and an output terminal of the filter 1, to connect to
external devices. A groove 300 is defined in the first and
second ends of the connection member 34 and each of the
conductors 361, 363, facing the main body 32. The contact
portion 181 of the connection member 18, the contact portion
262 of the connection member 26, the contact portion 282 of
the connection member 28, and the contact portion 161 of the
connection member 16 are received in the grooves 300 of the
connection member 34, the conductors 361, 363, respec-
tively. The contact portion 181 of the connection member 18,
the contact portion 262 of the connection member 26, the
contact portion 282 of the connection member 28, and the
contact portion 161 of the connection member 16 are con-
nected to the connection member 34, the conductors 361 and
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363, respectively. A protrusion 340 extends from the second
end of the connection member 34, to connect to external
devices.

Referring to FIG. 8, an equivalent circuit of the filter 1
includes two inductors [.1, [.2, and two capacitors C1, C2.
The inductive components 12, 22 facilitate as the inductors
L1, L2 respectively. The capacitive components 14 and 24
facilitate as the capacitors C1 and C2, respectively. The con-
nection member 34, the conductors 361 and 363 are nodes A,
B, and C of FIG. 7, respectively. Therefore, the filter 1 has a
band pass filter characteristic. In other embodiments, when
the connection members 16 and 26 located at the first side of
the main body 32 are connected via the connection member
34, and the connection member 18 is grounded via the con-
nection member 361, the filter has a band stop filter charac-
teristic.

Parameters of the filter 1 can be changed by changing
structure of each component of the filter 1. For example,
material of each component, diameters of each of the mag-
netic cylinders 122 and 222, density of each of the conductive
coils 123,124, and 126, thickness of the dielectric layers 128
and 228, counts of the laminations 142, 242, and thickness of
the lamination 142 can be changed. When any component
needs to be replaced, the filter 1 can be detached. When a
plurality of filters 1 need to be connected in series, the input
terminals and the output terminals of the plurality of filters 1
are connected in series. In other embodiments, the capacitive
components 14 and 24 can include a number of other detach-
able components as need.

It is to be understood, however, that even though numerous
characteristics and advantages of the embodiments have been
set forth in the foregoing description, together with details of
the structure and function of the embodiments, the disclosure
is illustrative only, and changes may be made in details,
especially in matters of shape, size, and arrangement of parts
within the principles of the embodiments to the full extent
indicated by the broad general meaning of the terms in which
the appended claims are expressed.

What is claimed is:

1. A radio frequency filter comprising:

a parallel inductance capacitance (L.C) filtering unit com-
prising a first inductive component and a first capacitive
component connected in parallel, wherein a first termi-
nal of the parallel LC filtering unit is grounded, the first
capacitive component comprises a plurality of detach-
able first laminations, a capacitor characteristic of the
first capacitive component varies with respect to a total
number of the plurality of detachable first laminations;
and

a serial L.C filtering unit comprising a second inductive
component and a second capacitive component con-
nected in series, wherein a first terminal of the serial LC
filtering unit functions as an input terminal of the filter,
a second terminal of the serial LC filtering unit is con-
nected to a second terminal of the parallel LC filtering
unit, and functions as an output terminal of the filter;

wherein the parallel LC filtering unit further comprises a
first insulation sleeve, the serial LC filtering unit further
comprises a second insulation sleeve, the first inductive
component and the first capacitive component are
received in the first insulation sleeve, and the second
inductive component and the second capacitive compo-
nent are received in the second insulation sleeve.

2. The filter of claim 1, wherein each of the first and second
inductive components comprises a magnetic cylinder and an
elastic conductive coil coiling around the magnetic cylinder,
a dielectric layer covers a circumference of the magnetic
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cylinder, two terminals of the conductive coil of the first
inductive component function as the first and second termi-
nals of the first inductive component, respectively, and two
terminals of the conductive coil of the second inductive com-
ponent function as the first and second terminals of the second
inductive component, respectively.

3. The filter of claim 2, wherein each of the first and second
inductive components further comprises a helical insulation
coil, each of the conductive coil and the corresponding insu-
lation coil stagger with each other to coil around the corre-
sponding magnetic cylinder, to prevent each coil of the con-
ductive coil from contacting with adjacent coils.

4. The filter of claim 1, wherein each first lamination com-
prises a first insulation piece, and a conductive piece stacked
up with the first insulation piece, a first through hole is defined
in the first insulation piece, a conductive tab vertically
extends from a top surface of the first insulation piece to pass
through the conductive piece and the first through hole of
another of the plurality of detachable first laminations above
the conductive tab, a circumference of a portion of the con-
ductive tab extending out of the corresponding first insulation
piece is made of insulation material, the conductive tab
located at the top of the first capacitive component is con-
nected to a first terminal of the first inductive component via
afirst connection member, the conductive piece located at the
bottom of the first capacitive component is connected to a
second terminal of the first inductive component via a second
connection member, to make the first capacitive component
and the first inductive component be connected in parallel.

5. The filter of claim 4, wherein the second capacitive
component comprises a plurality of detachable second lami-
nations, a first conductive layer is located at a circumference
of'each second lamination, adjacent to a bottom of the corre-
sponding second lamination, a height of the first conductive
layer is less than a height of the corresponding second lami-
nation, a cutout is defined along the circumference of the
corresponding second lamination, an insulation portion ver-
tically extends from a top of the corresponding second lami-
nation, along the circumference of the corresponding second
lamination, opposite to the cutout, a second conductive layer
covers a center of an outer surface of the insulation portion,
with two opposite ends of the insulation portion exposed out
from the second conductive layer, the second conductive
layer located on the second capacitive component is con-
nected to a first terminal of the second inductive component,
to make the second capacitive component and the second
inductive component connect in series, a second terminal of
the second inductive component functions as the first terminal
of the serial LC filtering unit, the second conductive layer
located at a bottom of the second capacitive component func-
tions as the second terminal of the serial L.C filtering unit, the
first connection member functions as the second terminal of
the parallel LC filtering unit, and the second connection mem-
ber functions as the first terminal of the parallel L.C filtering
unit.

6. The filter of claim 5, wherein a second through hole is
defined in the conductive piece of each first lamination, for
the conductive tab passing through.

7. The filter of claim 5, wherein the insulation portion of
one of the plurality of second laminations is received in the
cutout of an adjacent one of the plurality of detachable second
laminations and resists against a sidewall bounding the cutout
of the corresponding adjacent second lamination, the second
conductive layers of the plurality of second laminations con-
nected are arranged on opposite sides of the second capacitive
component.
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8. The filter of claim 5, wherein the parallel L.C filtering
unit further comprises a receiving tube, the first and second
connection members are located on opposite ends of the first
insulation sleeve, respectively, and the first and second con-
nection members and the first insulation sleeve are received in
the receiving tube, the receiving tube comprises a lower por-
tion and an upper portion covered on the lower portion, each
of the upper portion and the lower portion comprises an end
wall ata first end, an opening is defined in the end wall of each
of the upper portion and the lower portion, respectively, one
portion of the first connection member extends out of the
opening of the upper portion, one portion of the second con-
nection member extends out of the opening of the lower
portion.

9. The filter of claim 5, wherein the serial L.C filtering unit
further comprises third and fourth connection members, the
third connection member is connected to the first terminal of
the serial LC filtering unit, and the fourth connection member
is connected to the second terminal of the serial L.C filtering
unit.

10. The filter of claim 9, wherein the serial L.C filtering unit
further comprises second to fourth insulation pieces, a cutout
is defined along a circumference of each of the second to
fourth insulation pieces, the second insulation piece is located
between the second terminal of the second inductive compo-
nent and a first contact portion of the third connection mem-
ber, the third insulation piece is located between the second
inductive component and the second capacitive component, a
resisting portion located on the top of the second capacitive
component is received in the cutout of the third insulation
piece, the fourth insulation piece is located between the sec-
ond capacitive component and a second contact portion of the
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fourth connection member, the third connection member
comprises a first extension portion horizontally extending
from a circumference of the first contact portion, a distal end
of'the first extension portion passes through the cutout of the
second insulation piece to connect to a first terminal of the
second conductive coil, a second terminal of the second con-
ductive coil is connected to the second conductive layer
located at the top of the second capacitive component, the
fourth connection member comprises a second extension por-
tion horizontally extending from a circumference of the sec-
ond contact portion, one terminal of the second extension
portion passes through the cutout of the fourth insulation
piece to connect to the first conductive layer located at the
bottom of the second capacitive component.

11. The filter of claim 10, wherein the parallel LC filtering
unit is connected to the serial LC filtering unit via a receiving
unit, the receiving unit comprises an insulation main body
and fifth and sixth connection members, the fifth connection
member is a conductor, the sixth connection member com-
prises insulated first and second conductors, two separated
second through holes are defined in the main body, through a
first side and a second side opposite to the first side of the main
body to receive the serial L.C filtering unit and the parallel LC
filtering unit, respectively, the first and third connection mem-
bers connected via the fifth connection member are located at
the first side of the main body, the second and fourth connec-
tion members are located at the second side of the main body,
the first conductor is grounded and connected to the second
connection member, the fourth connection member is con-
nected to the second conductor.
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